We present the new results of the two-dimensional numerical experiments on the cross-sectional evolution of a twisted magnetic flux tube rising from the deeper solar convection zone (−20, 000 km) to the corona through the surface.
Introduction
Emerging magnetic fluxes are thought to be the source of solar active regions (Parker 1955) . It is widely accepted that the emerging flux has a form of an Ω-shaped flux tube. Parker (1975) studied the rise time of a flux tube that emerges due to magnetic buoyancy under the resistance of aerodynamic drag. Schüssler (1979) carried out two-dimensional magnetohydrodynamic (MHD) simulations and found that the cross-section of the emerging flux tube is deformed by the surrounding flows into an "umbrella shape" with a pair of counter-rotating flux rolls, leading to fragmentation of the tube (see also Longcope et al. 1996) . After Spruit (1981) introduced the thin-flux-tube (TFT) approximation, the emergence of the flux tube has been studied by using this model without considering the effect of the cross-sectional fragmentation (e.g. D 'Silva & Choudhuri 1993; Fan et al. 1993 Fan et al. , 1994 Caligari et al. 1995; Moreno-Insertis et al. 1995) . Moreno-Insertis & Emonet (1996) and Emonet & Moreno-Insertis (1998) carried out compressible MHD simulations using the twisted flux tube, and found that the azimuthal field can suppress the splitting of the rising tube into two vortex filaments (see also Dorch 2007) .
Numerical experiments on the flux emergence above the solar surface have been carried out widely in the last two decades. Shibata et al. (1989) produced a pioneering work on the nonlinear evolution of the undular mode of magnetic buoyancy instability (the Parker instability). The expansion of the magnetic fields into the corona was found to be in a self-similar way. Magara (2001) assumed a twisted magnetic flux tube that rises from the uppermost convection zone to the solar corona. When the apex of his flux tube entered the isothermal (i.e., convectively stable) photosphere, the tube extended horizontally around the surface. The rising tube did not develop a wake with a vortex roll pair, because the initial tube was located just beneath the surface (z = −1800 km) and the tube directly entered the photosphere before the wake is formed.
The transition of the rising flux through the solar surface has widely been discussed: the thorough review in this matter is found in Moreno-Insertis (2006) . carried out the first three-dimensional study on flux emergence, and, since then, various three-dimensional experiments have been done (e.g. Dorch 1999; Fan 2001; Archontis et al. 2004; Isobe et al. 2005; Murray et al. 2006; Manchester et al. 2004; Galsgaard et al. 2007; Toriumi et al. 2011) . Recently, MHD calculations including radiative effect are used to reveal the interaction between flux emergence and the convective motion near the surface (Cheung et al. 2007 (Cheung et al. , 2008 Tortosa-Andreu & Moreno-Insertis 2009 ).
Toroidal flux tubes are also considered as an initial condition to study the dynamics of flux emergence MacTaggart & Hood 2009 ).
The works introduced above can be divided into two groups: one is for the dynamics within the interior from ∼ −200, 000km to the surface, and the other for the emergence from the uppermost convection zone (a few 1000 km depth) to the corona. An additional experiment is required on the evolution of the emerging flux tube from the deep convection layer to the corona through the surface for the further understanding of the flux emergence in a self-consistent manner (Abbett & Fisher 2003) . In this paper, we perform a twodimensional compressible MHD study on the buoyant twisted magnetic flux tube initially embedded deep in the convection zone (z = −20, 000 km), of which the depth is the same as our previous study (Toriumi & Yokoyama 2010, hereafter Paper I) and is ten times deeper than most of previous calculations considering the emergence from the uppermost convection zone.
In Paper I, we carried out numerical experiments on the emerging flux sheet, which decelerates in the convection zone and extends horizontally beneath the surface. When the magnetic flux accumulates near the surface due to the successive emergence below, the flux sheet is subject to the Parker instability and thus further evolution to the corona occurs (the "two-step emergence" model). When the field is too weak, the rising flux cannot evolve further to the corona and remains within the solar interior ("failed emergence"), while, in the case of a strong field, the flux directly emerges to the upper atmosphere without showing a deceleration ("direct emergence").
The results of the present study are similar to the previous experiments. In the convection zone, the cross-sectional evolution of the flux tube is similar to the papers by Moreno-Insertis & Emonet (1996) and Emonet & Moreno-Insertis (1998) . We found that, as the flux tube rises, aerodynamic drag becomes more effective, since the external flow from the apex forms a wake behind the main tube. Also, the emergence above the surface is similar to the calculations by Magara (2001) . However, there is an important difference from those papers; the deceleration of the rising tube occurs when the tube is far below the photosphere, and the tube makes a flattened ∇-shaped structure widely beneath the surface. By conducting an analytic model which includes the effect of the mass pile-up, we confirm that the tube's deceleration is the consequence of the fluid accumulation between the rising tube and the photosphere. The magnetic flux stretched horizontally beneath the surface becomes magnetic buoyancy-unstable locally so that the second-step emergence to the corona takes place. These features resemble the previous two-step model in Paper I. We also carry out parameter surveys to study the dependence on the initial twist and the field strength.
In the next section ( §2), we give a description of the model used in this study, while the results of the numerical experiments are shown in detail in Section 3. In Section 4, we present the results of the parameter study. Finally, in Section 5, we summarize and discuss the results.
Numerical Model

Assumptions and Basic Equations
We consider the buoyant rise of an isolated magnetic flux tube in the stratified ideal gas layers in the (y, z)-plane, where the z-coordinate increases upward. We solve the standard set of ideal MHD equations including constant gravitational acceleration g = (0, 0, −g 0 ).
The basic equations are the same as those of Paper I:
and
where U is the internal energy per unit mass, I is the unit tensor, k B is the Boltzmann constant, m is the mean molecular mass, and other symbols have their usual meanings.
In this study, we carry out so-called 2.5-dimensional numerical simulation, that is, all the physical quantities are independent of x while the x-component of vector quantities (i.e., velocity V and magnetic field B) is taken into account. We assume a ratio of specific heats,
The normalizing units of length, velocity, time, and density in the simulations are H 0 , C s0 , τ 0 ≡ H 0 /C s0 , and ρ 0 , respectively, where H 0 = k B T 0 /(mg 0 ) is the pressure scale height, C s0 the sound speed, and ρ 0 the density at the photosphere. The gas pressure, temperature, and magnetic field strength are normalized by the combinations of the units above, i.e.,
The gravity is given as g 0 = C 
Initial Conditions
The initial background stratification consists of three regions (see e.g. Nozawa et al. 1992 ): an adiabatically stratified convection zone, a cool isothermal photosphere/chromosphere, and a hot isothermal solar corona. We take z = 0 to be the base height of the photosphere, and the initial temperature distribution of the photosphere/chromosphere and the corona (z ≥ 0) is assumed to be
where T ph = T 0 and T cor = 100T 0 are the respective temperatures in the photosphere/chromosphere and the corona, z cor = 10H 0 is the base of the corona, and w tr = 0.5H 0 is the temperature scale height of the transition region. The initial temperature distribution in the convection zone (z ≤ 0) is described as
where
is the adiabatic temperature gradient, i.e., the initial temperature distribution in the convection zone is adiabatic. On the basis of the temperature distribution above, the initial pressure and density profiles are defined by the equation of static pressure balance:
The initial magnetic flux tube is embedded in the solar interior at z = −100H 0 = −20, 000 km. The longitudinal and azimuthal components of the flux tube are described as follows (see Fan 2001; Archontis et al. 2004; Murray et al. 2006 ): for
where (y tube , z tube ) = (0, −100H 0 ) is the tube center, R tube is the tube radius, q is the twist parameter denoting the angular rate of field lines rotating around the tube's axis per unit length, and B tube is the field strength at the center. The horizontal and vertical components of the azimuthal field are defined as
respectively. We use R tube = 5H 0 = 1000 km throughout the paper. For the typical case (case 1), we take B tube = 50B 0 = 1.5 × 10 4 G, so the total longitudinal magnetic flux is Φ x = 4.7 × 10 20 Mx. The twist parameter is q = 0.1/H 0 for case 1. The pressure inside the tube is defined as
where δp exc (< 0) is the pressure excess described as
for the pressure balance. The temperature is kept unchanged, i.e., thermal balance is sustained, T i (z) = T s (z). Since the density inside the tube is smaller than that outside, the flux tube will buoyantly rise through the convection zone. The initial temperature, density, and pressure profiles of the background stratification, and the total field strength
1/2 of case 1 along y = 0 are shown in Figure 1 .
Boundary Conditions and Numerical Procedures
The domain of the simulation box is (y min < y < y max ) and (z min < z < z max ),
where Table 1 .
Results
Here, we show the results of the typical model (case 1) in which the initial twisted flux tube with q = 0.1/H 0 rises through the convection zone to the corona. The evolution within the interior resembles the studies by Moreno-Insertis & Emonet (1996) and Emonet & Moreno-Insertis (1998) , and the evolution to the upper atmosphere is similar to Magara (2001) . However, the present result is not a simple sum of them; the rising tube decelerates within the interior far below the surface to build a widely flattened magnetic structure. In the initial phase (0 < t/τ 0 < 100), the flux tube rises due to magnetic buoyancy and the tube's cross-section almost keeps its original circular shape. Thus, the tube moves up with a constant acceleration rate. In the next phase (100 < t/τ 0 < 500), the aerodynamic drag grows to counteract buoyancy, since the external flow around the tube's cross-section develops a wake behind the main tube ( has its width ∼ 400H 0 = 80, 000 km and height ∼ 200H 0 = 40, 000 km. The picture of this evolution resembles our previous "two-step emergence" model (Paper I). In the following sections, we will describe some more detailed results, especially on the magnetic and the flow field within the convection zone, the comparison with the analytic model, and the second-step evolution starting at the photosphere.
Magnetic Fields and Vorticity
To study the flux tube's emergence in the solar interior, we show the variation of the field configuration with time in Figure 4 . The color contour indicates the distribution of the longitudinal field (B x ) while the strength of the azimuthal field (B φ ) is overplotted with solid lines. In Figure 5 , we plot the x-component of the vorticity vector (ω x ), where (d)). Therefore, the tube is deformed and the wake behind the main tube grows with a pair of counter-rotating vortex rolls. Because of the azimuthal fields, however, the tube is not entirely fragmented into an "umbrella shape."
As a consequence, the rising tube feels aerodynamic drag, and, thus, the rise velocity During this phase, the rise speed of the tube center reveals oscillation as seen in Figure   3 (b). This is a result of torsional oscillation due to the differential buoyancy caused by the magnetic field distribution (e.g. Moreno-Insertis & Emonet 1996) . Initially, the flux tube has its maximum field strength at the center and thus the central region rises faster than the periphery. Therefore, the azimuthal field around the apex is compressed and strengthened to fortify the magnetic tension force, which inhibits the tube from a distortion into vortex rolls. The tension force decelerates the center of the tube and, as a result, induces the internal torsional oscillation. The period of this oscillation is observed to be consistent with the time of the azimuthal Alfvén speed traveling across the tube's diameter.
At around t/τ 0 = 500, the rise motion begins to decelerate and the front of the tube expands horizontally, since the tube is close enough to the surface. The plasma above the rising tube cannot move through the isothermal (i.e., convectively stable) photosphere so that the fluid is compressed and piles up between the front of the tube and the photosphere. The fluid between them suppresses the rising motion of the flux below, and thus, the flux extends sideways. The horizontal expansion caused by the photosphere was previously reported by Magara (2001) . His flux tube was not so deformed as to develop a wake including vortex rolls and directly entered the photosphere mostly keeping its original cylindrical shape, because the initial tube was located just beneath the surface (z tube = −1800 km) with a strong field strength (B tube = 7760 G). In our case, the initial tube was embedded so deep in the convection zone (z tube = −20, 000 km) that the wake (Parker 1974 (Parker , 1979 . According to Fan et al. (1998) , the motion of the cylindrical flux tube rising by its magnetic buoyancy is described as
Comparison with an Analytic Model
where I is the enhanced inertia factor (∼ 2), C D is the drag co-efficient of order unity, and ∆ρ = ρ i − ρ is the density difference between the flux tube (ρ i ) and the external medium (ρ). From Equation (19), one can calculate the rising velocity of the tube V z (t) and the height of the tube center z(t). We consider the effect of the mass pile-up between the flux tube and the photosphere and replace ∆ρ with an additional effect as
Here,ρ
is the plasma on the flux tube in the initial state (z ph = 0, z(0) = z tube = −100H 0 , and
is given by Equation (11)), and
is the background plasma at a given time. That is, ∆ρ acm =ρ acm (0) −ρ acm (t) corresponds to a density that would have been accumulated by an ideal rising sheet extending horizontally.
To consider the effect of the tube's shape and the draining of the plasma from the apex, we multiply it by a factor F (< 1), which depends on the field geometry and its initial depth from the surface (R tube and z tube ). In the present study, we vary F to fit the analytic model to the obtained data and assume it as a constant. The relation between F and R tube and z tube requires much work, which we shall leave for future research. Applying ∆ρ ′ and dividing Equation (19) by ρ, we get
If pressure balance, mass and flux conservation, and adiabatic evolution are assumed, the buoyancy and the radius of the model tube can be defined as
where Γ = 1/(γ − 1). Here we use their initial values obtained as
(see Fan et al. 1998) . We can calculate the time evolution of the model tube by integrating Equation (23).
In Figure 6 (a), the variation of the rise speed at the tube center is presented in comparison with the analytic model (the dotted line is for the model by Fan et al. (1998) using ∆ρ and the solid line for our model using ∆ρ ′ ), while the heights of the tube centers of the numerical and the analytic model are indicated in Figure 6 (b). We use C D = 2.0 and F = 0.001. In Figure 6 (a), the solid curve levels off after t/τ 0 = 100. This means that the wake develops from this time and the drag force becomes more efficient. Parker (1975) analytically calculated the terminal velocity of the rising. Considering Equation (19) = 0 and using Equations (26) and (27), the terminal velocity can be obtained as
which is rather a good estimation. In the earlier phase (t/τ 0 < 400), the torsional oscillation due to the differential buoyancy is seen in Figure 6 (a), which was mentioned in §3.1.
After t/τ 0 = 500, the rising flux tube decelerates as the mass on the tube is compressed and piles up, since the mass cannot persist through the convectively stable surface. This deceleration indicates that, before t/τ 0 = 500, the cross-sectional evolution as a whole can be regarded as radial, although the tube suffers aerodynamic deformation; after that time, however, the mass pile-up becomes much more efficient so that the tube decelerates and the apex expands horizontally to become ∇-shaped (see the solid and the dotted line in Figure   6 (a)). (11)), and the field lines with velocity vectors at the time t/τ 0 = 600. It reveals that, because of the relative mass draining from the apex of the tube to the flanks, the density piles up in front of the rising tube around (y/H 0 , z/H 0 ) = (0, −12) to form a boundary layer with a finite width (∼ 40H 0 ). In the imaginary sheet case, however, the fluid would piles up on the rising sheet as a boundary layer with an infinite width, since there is no draining (see Paper I). Therefore, the factor F (the ratio of the actual accumulation to the imaginary one) becomes relatively small.
To show that the contribution of ram pressure to the pressure excess (which is related to density excess) at the tube front is small enough, in Figure 7 (b) we plot vertical distributions of ram pressure ρ(t)∆V 
where z apex (600τ 0 ) = −12H 0 is the height of the apex of the tube at t = 600τ 0 (see Figure   7 ). On the other hand, the density enhancement in front of the imaginary emerging sheet at this time can be estimated from the background profile ρ s (z) as
where z(600τ 0 ) = −25H 0 is the height of the tube's center at t = 600τ 0 (see Figure 6(b) ).
Therefore, we can see that the order of the factor F is
Here, we consider the density accumulation only along the axis y/H 0 = 0 in Equation (29).
The factor F would be of order 10 −3 if we take it into account that the accumulation in the neighboring region is less than that along y/H 0 = 0 due to mass draining.
By varying F to fit the analytic model to the obtained data and plotting the density pile-up in the interior, we can conclude that the deceleration of the tube is caused by the accumulation of the plasma ahead of the tube. Fan et al. (1998) and Cheung et al. (2006) also reported this deceleration. However, their calculations did not include the convectively stable photosphere but assumed the non-penetrating or closed top boundaries, which are reasonable approximations for the photosphere compared to our simulation.
Further Evolution to the Corona
After t/τ 0 = 800, the second-step emergence from the surface to the corona occurs due to the magnetic buoyancy instability (Figures 2(f)-(i) ). Figure 8(a) shows the vertical distribution of magnetic and gas pressure, and density along the symmetric axis y/H 0 = 0 at t/τ 0 = 800, i.e., just before the secondary evolution starts. As can be seen from this figure, the site of the second-step evolution has a top heavy structure, and there is a relative "pressure hill," which is consistent with preceding studies (Magara 2001; Archontis et al. 2004 ).
To confirm that further evolution is caused by the magnetic buoyancy instability, we conduct the same analysis as in Paper I. Newcomb (1961) revealed the criterion for the magnetic buoyancy instability of a flat magnetized atmosphere is
From this relation, we define the index
where the area with negative ψ is magnetic buoyancy-unstable. We show the ψ distribution in Figure 8 (b). As can be seen from Figure 8 (b), the site of the second-step emergence (y/H 0 = z/H 0 = 0) is ψ < 0, i.e., the criterion (32) for the instability is satisfied. Thus, we can conclude that the further evolution to the corona occurs because of the magnetic buoyancy instability. At this site, the magnetic field intensity amounts to ∼1 kG, and the plasma beta is β ∼ 2.
In the upper atmosphere above the surface, the azimuthal component of the magnetic field is very dominant. The second-step nonlinear evolution develops in a self-similar way;
the expansion law was given by Shibata et al. (1989) . It can be described as follows:
where a ∼ 0.05 when plasma-β is 0.5 − 2.0. The above relations are plotted in Figure 9 for t/τ 0 = 850, 870, and 890. In Figure 9 (a), we use a = 0.04, which is appropriate because plasma-β was ∼ 2 at the point of the further evolution (z ∼ 0 at the time t/τ 0 = 800).
In the final phase, at t/τ 0 = 980, the coronal loop is formed with 400H 0 = 80, 000 km in width and 200H 0 = 40, 000 km in height (see Figure 2(i) ). The size of the loop is similar to that of the case with a flux sheet (Paper I). The photospheric field strength is 400 − 700 G at this time.
Dependence on the Initial Twist and the Field Strength
We carry out five additional calculations to investigate the dependence of the tube's evolution on the twist and the field strength. These runs are summarized in Table 1 the tube boundary where the kinetic energy density of the relative flow e kin = ρV 2 rel /2 equals the energy density of the azimuthal field e mag = B 2 φ /(8π). The lower panels show the longitudinal field strength B x and the flow field V . As can be seen from Figure 11 , with a decreasing twist, the main tube is deformed by the external flow and the wake develops. In cases of a weaker twist, the counter-rotating vortices contain a large portion of the magnetic flux. Thus, when the tube reaches the surface, the apex of the tube cannot hold sufficient flux for the further evolution, which leads to "failed emergence." The situation can also be explained as follows; when the initial twist is weak, the flux tube expands and extends very widely beneath the surface. Thus, the magnetic buoyancy falls short of compressing the flux to satisfy the criterion (32) for the second-step emergence. In Figure 12 , we show the distribution near the surface for the case q = 0.05/H 0 at the time t/τ 0 = 1000. Figure   12 (a) plots the magnetic pressure, the gas pressure, and the density along the symmetric axis y/H 0 = 0. The subsurface magnetic field is not fortified enough so that the magnetic pressure is much smaller than the plasma pressure. Therefore, the index ψ (see §3.3) is not negative in almost the whole area shown in Figure 12 (b), which means that the further evolution to the solar corona due to the magnetic buoyancy instability does not take place in this weaker twist case. Figure 13 shows the height-time relations for the cases with B tube = 67B 0 , 50B 0 , and 33B 0 , which are indicated with dashed, solid, and dash-dotted lines. We can conclude from this figure that the rise speed is faster with the stronger field. As is the case with the dependence on the twist, we can say that, if the initial field is too weak, the rise speed is slower and the flux tube cannot pass through the surface to rise 
Summary and Discussion
The numerical experiments studied in this paper are on the cross-sectional evolution of the emerging twisted flux tube. In this section, we summarize the calculations presented above and discuss the results. The discussions are mainly in connection with Paper I. We can predict the conditions for three-dimensional experiments by considering the results of the present and previous two-dimensional studies. So, in this section, we discuss the two-dimensional results in connection with our future three-dimensional experiments.
In this paper, we have studied the dynamical evolution of the twisted flux tube that emerged from the deep convection zone. For the typical case, the initial flux tube is located at z = −100H 0 = −20, 000 km with the axial field strength B tube = 50B 0 = 1.5 × 10 4 G, the tube radius R tube = 5H 0 = 1000 km, and the total magnetic flux Φ = 4.7 × 10 20 Mx. The tube is initially buoyant and, thus, begins to rise through the convection zone. Halfway to the surface, after t = 100τ 0 = 2500 s, the periphery of the tube is peeled away to develop a wake, composed of vortex rolls and a long-drawn tail, due to the external flow from the apex to the flanks. As a result, the aerodynamic drag becomes more effective. However, the azimuthal field prevents the flux tube from being fragmented into a pair of counter-rotating vortices moving away from each other, so that the expansion as a whole can be said to be radial. The picture of the emergence within the convective layer is similar to previous papers (e.g. Moreno-Insertis & Emonet 1996).
The essential difference from these preceding studies is the effect of the convectively stable photosphere; the apex of the tube expanding horizontally and the rising motion turning into the deceleration after t = 500τ 0 = 1.3 × 10 4 s, because the rising tube comes close to the photosphere. The deceleration occurs at ten times deeper than previously reported by Magara (2001) ; the deceleration depth is ∼ −500 km in Magara's case, while it is ∼ −5000 km in our case, which shows that the flux tube slows down before the tube itself reaches the surface. There seems to be another mechanism for the slowdown other than the tube itself entering the photosphere. The plasma on the flux tube piles up between the flux and the convectively stable surface, and depresses the flux below. We confirmed this effect by comparing the numerical result with an extended analytic model (see Section 3.2).
As a result, the ∇-shaped emerging flux extends widely beneath the surface (∼ 40, 000 km in width). In this stage, the azimuthal field component is dominant, since the twist of the flux tube increases as the tube rises. When the horizontal flux at the photosphere becomes unstable to the magnetic buoyancy instability at t = 800τ 0 = 2.0 × 10 4 s, the second-step emergence to the corona takes place ("two-step emergence"). The evolution above the surface is similar to that of Magara (2001) . The nonlinear evolution is well described by the expansion law given by Shibata et al. (1989) . The consequent coronal loop at t = 980τ 0 = 2.5 × 10 4 s has its width ∼ 400H 0 = 80, 000 km and height ∼ 200H 0 = 40, 000 km, and the photospheric field is (1.3 − 2.3)B 0 = 400 − 700 G.
By performing parameter studies, we found that the initial twist necessary for the further evolution is q > 0.05/H 0 = 2.5 × 10 −4 km −1 when the axial field B tube = 50B 0 = 1.5 × 10 4 G. If q is less than this value, the emerging tube remains within the convection zone ("failed emergence"). We also found that the flux with a weaker field strength shows the failed emergence. When the tube twist is q = 0.1/H 0 = 5.0 × 10 −4 km −1 , the flux with B tube = 33B 0 = 1.0 × 10 4 G cannot rise further above the surface.
In Paper I, we carried out numerical experiments on the two-dimensional undular evolution of the flux sheet from the deep convection zone (z = −20, 000 km). We found that the emerging flux sheet also decelerates in the convection zone. However, deceleration depth is deeper than that of the present study. Table 2 summarizes the characteristic values of both types of emergence. As seen from Table 2 , the initial conditions (the field strength, the total magnetic flux, the sheet thickness and the tube radius, and the depth) are similar at z = −100H 0 = −20, 000 km. In Paper I, it was also found that there is a threshold of the flux sheet strength and the total flux for further emergence. That is to say, the emerging flux with a weak twist also shows "failed emergence" as well as the flux with a weak field strength and an insufficient total flux. If we put these results obtained from the two experiments together, the preferable initial conditions for the three-dimensional calculation using the twisted flux tube from the same depth (z = −20, 000 km) are the field strength ∼ a few 10 4 G, the total magnetic flux of ∼ 10 21 − 10 22 Mx, and sufficient twist (q > 0.05/H 0 = 2.5 × 10 −4 km −1 ). In future three-dimensional simulations, we will take into account the above mentioned conditions.
The comparison with the results by thin-flux-tube experiments (see §1) has been discussed in Paper I. In Figure 10 of Paper I, the typical case of the present calculation (Case 1 with 1.5 × 10 4 G and 4.7 × 10 20 Mx) locates in the middle of the area for the two-step emergence. Moreno-Insertis et al. (1995) found that the magnetic flux tube with weaker field "explodes" within the interior and never reaches the surface; when the pressure gap between inside and outside the initial flux tube is too small, i.e., when the initial magnetic field is too weak, the tube will be collapsed at a certain height, since the pressure gap decreases. In Paper I, we found that the cases showing two-step emergence would have survived the "explosion" during their ascents through the interior. Therefore, we can see that the typical tube (the present Case 1) also would have emerged through the convection zone without suffering explosion.
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